The plasminogen/plasmin system has a central role in blood clot lysis. 1 The system is also important in other pathophysiological events, where localized proteolysis is involved. 2 Plasminogen is proteolytically activated to plasmin by plasminogen activators through specific cleavage at Arg 561 -Val 562 . 1 Plasminogen adopts tight conformation due to intramolecular binding of Lys 50 and/or Lys 62 to the lysinebinding site in the fifth kringle domain. 3, 4 The tight conformation renders plasminogen less sensitive to activation by plasminogen activators. Plasminogen binding to fibrin or cellular receptors allows relaxation of plasminogen conformation, enabling efficient activation. This mechanism facilitates localized activation of plasminogen and following extracellular proteolysis. 5 Stachybotrys microspora triprenyl phenols (SMTPs) are triprenyl phenol metabolites from the fungus Stachybotrys microspora. 5 SMTP enhances both activation and fibrin binding of plasminogen by modulating plasminogen conformation. 5-7 SMTP-7, one of the most potent congeners, is effective in treating thrombotic stroke. [8] [9] [10] [11] The SMTP molecule consists of a tricyclic g-lactam moiety, a geranylmethyl group, and an N-linked side chain. Our previous studies identified 26 SMTP congeners, most of which differ in the side chain. [12] [13] [14] [15] [16] [17] [18] Plasminogen modulator activities of the congeners differ depending on the N-linked side-chain structure. It has been suggested that a negatively ionizable group in the N-linked side chain is crucial for activity. 18 Among congeners with a negatively chargeable side chain, one with an aromatic group as the side chain is more active than that with an aliphatic group. 18 In this study, we isolated five new SMTP congeners with a phenylglycine-based side chain to investigate structure-activity relationships further. This paper deals with the isolation and characterization of these congeners. Part of the results has been disclosed as a patent. 19 Biological activities of some of the new congeners have also been described in patent literatures. 20, 21 Our previous studies established fermentation conditions that enable efficient selective production of an SMTP congener through feeding of a precursor amine to S. microspora cultures. 17, 22 Based on this method, we produced five new SMTP congeners with a phenylglycine-based N-linked side chain (Supplementary Materials and Methods). Precursor amines fed for the production is shown in Supplementary Table S1 . A culture fed with an optically active precursor afforded single major product (SMTP-43, -43D, -44, or -44D), whereas a culture fed with racemic 3-hydroxy-D,L-phenylglycine gave two major products, which were separable each other on reversed-phase HPLC (retention times at 11.5 and 13.3 min under conditions described in Supplementary Table S1 ). The slow-eluting isomer was successfully purified on preparative HPLC, whereas the fast-eluting isomer could not be obtained as a homogenous state. The yield varied among the five congeners, ranging from 94 to 1351 mg l À1 (Supplementary Table S1 ).
Physicochemical properties of the new congeners are summarized in Table 1 Supplementary Table S2 according to the results from 1 H-1 H-correlation, heteronuclear multiple quantum coherence and heteronuclear multiple-bond connectivity spectroscopies. Based on these results, we propose the structures of the new congeners as shown in Figure 1a . The conclusion is consistent with the idea that the fed amine is introduced as the N-linked side chain of an SMTP molecule. 16, 17, 22 The stereochemistry of SMTP-45D, the sloweluting isomer produced in a culture fed with the racemic precursor, was proposed based on the following facts: (i) the 26R epimers, SMTP-43D and -44D, were eluted slower on reversed-phase HPLC compared with respective 26S epimers, SMTP-43 and -44 (Supplementary Table S1 ); (ii) specific optical rotations of SMTP-43 and -44 were in the plus sign, while those of SMTP-43D and -44D were in the minus sign (Table 1) ; (iii) retention time of SMTP-45D was slower than the its epimer (13.3 min compared with 11.5 min), and specific rotation of SMTP-45D was in the minus sign (Table 1) ; (iv) S. microspora culture fed with 3-hydroxy-L-phenylglycine ((S)-3-hydroxyphenylglycine) afforded the fast-eluting epimer but not the slow-eluting one (Supplementary Figure S6) . Therefore, R configuration was assigned to position 26 in SMTP-45D.
Plasminogen modulator activities of the five new SMTP congeners (Figures 1b and c) were assessed as their activity to enhance plasminogen activation (see Supplementary Materials and Methods) in comparison with SMTP-7, one of the most potent congeners identified so far. SMTP-43, which had an L-2-phenylglycine moiety as the N-linked side chain, was potent in enhancing plasminogen activation. The concentration that caused 10-fold enhancement (EC 10 ) was 89 mM, and the maximum level of the enhancement (E max ) 10 , concentration (mM) of SMTP that causes 10-fold enhancement of plasminogen activation; E max , maximum level of enhancement (fold increase in plasminogen activation compared with control). E max and the reciprocal of EC 10 are independent indexes that represent the potency of the compound. The ratio E max /EC 10 represents comprehensive potency. NA, not available (due to that enhancement did not reach 10-fold at concentrations tested). A full color version of this figure is available at The Journal of Antibiotics journal online.
New SMTPs with a phenylglycine-based side chain H Koide et al exceeded 100-fold (Figures 1b and c) . These parameters were comparable to those of SMTP-7 (EC 10 ¼65 mM; E max ¼102-fold). The 26R epimer SMTP-43D (E max /EC 10 ¼0.43-fold mM À1 ), which had a D-2-phenylglycine moiety, was significantly weaker than SMTP-43 (E max / EC 10 ¼1.16-fold mM À1 ). SMTP-44, an analog of SMTP-43 with a hydroxyl group at position 30, was B13 times less active than SMTP-43 in terms of the E max /EC 10 value (Figures 1b and c) . SMTP-44D was much less active than its epimer, SMTP-44, giving sevenfold enhancement even at 300 mM. The potency (E max /EC 10 ) of SMTP-45D was B1/4 of that of SMTP-43D, while SMTP-45D was significantly more active than the regioisomer SMTP-44D. Thus, among the series of SMTP congeners with a phenylglycinebased side chain, SMTP-43, which has no hydroxyl group in the side chain, is most potent. Its activity is comparable to the two-unit congener SMTP-7, which has two triprenyl phenol units. The introduction of a phenolic hydroxyl group into the N-linked side chain of SMTP-43 results in a decrease in potency. The position of the hydroxyl group affects the potency of a congener. A congener with an S configuration at the phenylglycine moiety is more active than that with an R configuration.
